The study to investigate growth and physiological responses of salak cultivars to different growing media was carried out in a greenhouse of the Institute for Horticultural Sciences, Department of Fruit Sciences of Humboldt University Berlin at Berlin. The temperature inside the greenhouse were adjusted to 20 °C/25 °C (day/night) and the relative humidity varied between 20 % and 70 %. Pure quartz sand, peat and a sand/compost mixture were tested as growth substance. The following parameters were measured: shoot dry weight, root dry weight, shoot length increment, leaf area increment, net CO 2 assimilation rate (P N ), leaf colour and plant mineral contents (N, P, K, Ca and Mg). Quartz sand, supplied with a complete nutrition solution was the best growing medium, whereas low pH peat was not suitable for salak seedlings due to the inhibitory growth effect. "Pondoh hitam" was the most vigorous cultivar.
Introduction
Indonesia has many options for the development of its horticultural industry, such as intensive plantation systems, year-round production and high quality fruits (Winarno, 1997) . Therefore, the development of the horticultural sector including fruit production has priorities such as in choosing suitable commodities for certain areas and the promotion of fruit production. Salak (Salacca zalacca (Gaertn.) is one of the most important fruit species in Indonesia and has been included in the country's fruit priority list.
In Indonesia, salak palms are cultivated throughout the islands and the fruit is widely used as fresh fruit. Salak production in Indonesia has increased from 423.5 t in 2000 to 862.5 t in 2009 (Ministry of Agriculture, 2011) . Fresh salak fruits have been exported to Singapore, Middle-East, Malaysia, Hongkong and China (Ministry of Agriculture, 2009 ). There are 30 cultivars of salak, which distribute across the Indonesian islands (Sudaryono et al., 1993; Kusumo, 1995) . The availability of superior quality fruit from selected cultivars, such as "pondoh" from Peat is a mixture of partially decomposed plants, microbes and their transformation products, which grow in swampy conditions. The water holding ability of peat is high, but aeration in containers may be poor (Handreck and Black, 1999) . Tropical peat soil has a low mineral content, a low pH (< 4) but about 90 % of organic matter (Andriesse, 1988) . The content of nitrogen is very low due to the high C/N ratio. Micro-nutrients such as Cu, B and Zn are also absent in organic soils.
Compost is another growing substrate usually used in horticulture, which results from controlled decomposition of organic matter to a point where the product can be used as a soil amendment to improve crop productivity. The low concentration of nutrients in compost, particularly N and K, may cause a poor plant growth. Therefore, fertilisers are usually added to compost (Chaney et al., 1980) . High organic matter content, porosity, good aeration and drainage characteristics are some of the benefits of compost (Pinamonti and Sicher, 2000) . However, some negative aspects such as physiological disorders of crop plants, eutrophication of the ground water and nutrient losses from the substrate should also be considered (Pinamonti and Sicher, 2000) .
Sand culture in combination with the use of nutrient solutions has been used in horticultural production since the 19 th century (Hewitt, 1952) . Quartz sand (grain size 1.2 mm, low in calcium carbonate (limestone) content), allows good aeration of plant roots and it retains sufficient moisture (Ellis and Swaney, 1938) In order to promote the production and the fruit quality of salak, knowledge about eco-physiological properties of the species is crucial important. However, only a few investigations on these aspects have been conducted so far. Therefore, this study was devoted to investigate growth and physiological responses of some salak cultivars to different plant growing media.
Material and Methods

Location and experimental design
The study was carried out for a period of 14 weeks (Nov 2002 -Feb 2003 in a greenhouse of the Institute for Horticultural Sciences, Department of Fruit Sciences of Humboldt University Berlin in Berlin. The temperature inside the greenhouse were adjusted to 20 °C/25 °C (day/night) and the relative humidity varied between 20 % and 70 %. Light period was 12 h, additional light was provided by mercury lamps (HQI-TS/D, 400 W, OSRAM, Germany).
A total of 84 plants was arranged in a complete block design. Four-months-old seedlings of 4 different salak cultivars were used, i.e. "gading" (G), "pondoh super" (PS), "pondoh hitam" (PH) and "pondoh manggala" (PM). Three types of plant growing media were tested: 1. Pure quartz sand 0.6 to 1.2 mm (S), 2. peat (P) and 3. sand/compost mixture (SC; 1/1, weight/weight). Peat medium consisted of 95 % to 98 % organic matter with H3 -H5 degree of decomposition and pH 3. The compost medium (pH 6) comprised of 320 g/l N, 320 g/l P 2 O 5 , 450 mg/l K 2 O and < 3 g/l NaCl. Media and cultivars were arranged in 12 combinations: S-G, S-PS, S-PH, S-PM; P-G, P-PS, P-PH, P-PM; SC-G, SC-PS, SC-PH and SC-PM.
After germination, seedlings were transplanted in 14.5 cm x 11 cm pots, filled with growing medium according to the treatments listed above and were watered daily (100 ml/plant) with a complete nutrition solution , Wilhelm Hang, Germany), prepared with distilled water. The nutrition solution contained 24 % N, 5 % P 2 O 5 , 11 % K 2 O, 3 % MgO, 0.05 % Fe, 0.05 % Mn, 0.005 % Zn, 0.02 % Cu, 0.01 % B and 0.002 % Mo.
The following parameters were measured: shoot dry weight, root dry weight, shoot length increment, leaf area increment, net CO 2 assimilation rate (P N ), leaf colour and plant mineral contents (N, P, K, Ca and Mg).
Growth
Shoot and root dry weight were measured at the end of the experiment after drying the fresh samples at 103 °C to constant weight (Maier, 1990) . Leaf samples were weighed after drying at 65 °C for 8 h and were later used for the analysis of mineral contents. Shoot length and leaf area were first measured immediately after the seedlings had been transplanted. The second measurement was 14 weeks later. Shoot length was measured with a ruler, leaf area was measured with a leaf area meter (CI -202, CID Inc., USA).
Net CO 2 assimilation rate
Net CO 2 assimilation rate (P N ) of seedling leaves was assessed 6, 8 and 13 weeks after the onset of the experiment using a portable photosynthesis system (CI-301PS, CID Inc., USA). A 400 W lamp (HQI-TS/D, OSRAM, Germany) was used to provide additional light during the gas exchange measurements (starting from 10 am until 1 pm). Before the measurement, plants were exposed to the high irradiation for about 1 h for adaptation to a photon flux density of 500 to 800 µmol m -2 s -1 .
Leaf colour
The measurement of leaf colour was conducted using a Minolta Colorimeter (CR-321, Minolta, Japan) with a standardised light type D65. The equipment was calibrated with a white standard plate. Colour measurement were expressed in the L* a* b* scale (McGuire, 1992) .
Mineral content
Leaf mineral contents were analysed from dried and ground samples (Mikro-Feinmühle-Cullati DCFH 48, Janke & Kunkel, Germany). N content was determined following a modified Kjeldahl method as has been described by Okoye (1980) . 500 mg leaf powder were digested (Büchi 430 Digestor, Büchi Labortechnik AG, Switzerland) in boiling 98 % H 2 SO 4 (20 ml) and selenium catalyst (15348 Merck, Germany). The samples were thereafter distilled in a Büchi-Scrubber B-412 (Büchi Labortechnik AG, Switzerland) into 0.1 mol H 3 BO 4 and were subsequently titrated with 0.1 N HCl.
P, Ca, Mg and K were analysed according to a method described by Evenhuis and de Waard (1980) . The samples were dry-ashed at 490 °C for 4 h. Ashes were dissolved in 25% HCl and were evaporated in a sand bath for 20 min until the complete disappearance of solid residues. P was determined photometrically (Eppendorf 1101 M, Germany). The other minerals were analysed using atomic absorption spectophotometry (905 A, GBC, Australia). Mineral contents were calculated as mg/g DM.
Statistical analyses
All sample data were subjected to compare means and further analysed with least significant difference (LSD) test (Steel et al., 1997) , with significant difference of p < 0.05 between means using the Statistic Program MINITAB 14 (Minitab Inc., State College, USA, 2001).
Results and Discussions
Growth
The seedling age in this study (four months after germination) is representative for the establishing conditions in the nursery before the plants are transferred to the orchard. Growth parameters of different salak cultivars are presented in Figure 1 and Table 1 . Among the different salak cultivars, only small differences in the growth parameters were found. "Pondoh hitam" showed a stronger shoot growth than the other cultivars (19 % to 48 %). Leaf growth increment of "pondoh hitam" and "pondoh manggala" cultivars was higher as compared with that of "gading" and "pondoh super".
The influence of different media on growth parameters of salak seedlings are summarised in Figure 2 and Table 2 . Seedlings growing on peat had a lower root dry weight than those growing in sand or in sand/compost, respectively (Figures 2 and 3 ). The shoot/root ratio of peat-grown seedlings was higher as compared to that of the other variants.
On the other hand, leaf area and shoot length increment of salak growing in sand/compost was lower as in seedlings grown in sand or in peat.
The effects of cultivar and growing media on growth of salak seedlings are presented in Table 3 . There was a slight reduction in root growth of salak cultivars growing in peat ( Figure 3 ). On the other hand, "pondoh hitam" was found to have the most vigorous root and shoot growth in all growing media tested. "Pondoh super" seedlings growing in peat were found to have the lowest root and shoot dry weight. The tendency of higher shoot/root ratio was found in all salak cultivars growing in peat. Leaf area and shoot length increment of "pondoh hitam" were higher in all media tested as compared with the other cultivars. "Pondoh manggala" grown in sand/compost developed the smallest leaves and shoot length increments.
Growth data indicated that "pondoh hitam" seems to be the most vigorous cultivar, since the growing conditions were same for all cultivars tested. Many experimental studies revealed that plants show genetically controlled differences in dry matter production (Grime and Campbell, 1991) . On the other hand, the results of the effect of growing media on growth showed that sand was the best medium for salak seedlings. Sand enables a good aeration for the roots and a high availability of nutrients. The low pH of peat induced a decrease of root growth and an increase in shoot/root ratio in salak plants. Inhibition of root elongation at pH values below 5 is a common feature in many plant species and is caused by various factors, such as impairment of H + efflux from roots (Schubert et al., 1990) . According to Marschner (1995) , pH effects on cation uptake are in accordance with the key role of the plasma membrane-bound proton efflux pump as the driving force for ion uptake. At high substrate H + concentration, the efficiency of the H + efflux pump decreases whereas the downhill transport of H + from the apoplasm into the cytoplasm is enhanced. Electro potential of root cells decreases from -150mV at pH 6 to -100mV at pH 4 (Dunlop and Bowling, 1978) .
On the other hand, some possible changes in physical and chemical characteristics during aging of compost media possibly might have reduced leaf area and shoot length of salak seedlings. Some composts have been reported to have satisfactory pore space at the beginning of the period, but undergo compaction during the further growth period of the plants (Fitzpatrick, 2002) . Moreover, according to Handreck and Black (1999) , high moisture conditions of composts supplemented with fertilisers will cause continuous decomposition. The compost may become anaerobic at low pH or harmful compounds such as organic acids will accumulate. The results of this study concerning interaction of cultivar and growing media indicated that "pondoh hitam" was tolerant to all growing media tested. On the other hand, higher susceptibility of "pondoh super" to peat rather than the other media tested was found. Cattivello et al. (1997) reported that different kind of peat media and plant species significantly influenced growth parameters and the final quality of Cyclamen persicum and Euphorbia pulcherrima.
Net CO 2 assimilation rate
The net CO 2 assimilation rate (P N ) of different salak cultivars is presented in Figure 4 . P N of all cultivars increased from week 6 to week 13 after transplanting. "Gading" exhibited the highest P N of all cultivars tested. P N of "gading" at week 6 was up to 100 % higher than , whereas at week 13 was up to 35 % higher than P N of the other cultivars.
The effect of growing media on P N of seedlings is summarised in Figure 5 . P N of salak seedlings growing in peat and in sand/compost was higher than P N of the other cultivars.
The interactive effect of salak cultivars and growing media on P N is presented in Table 4 . P N results reflected a higher P N of "gading" in all growing media tested as compared with the other cultivars. It seems that the genotype has a stronger effect on P N than the growth substrate especially at an early developmental stage. This result is consistent with findings of Salisbury and Ross (1985) . Differences in P N of the salak cultivars tested in this study can be explained by the fact that "gading" is genetically not closely related to the pondoh cultivars. P N of salak plants is relatively low (0.7 to 4.5 µmol CO 2 m -2 s -1 ) as compared to other tropical tree species, such as peach palm, Bactris gasipaes Kunth (10.1 µmol CO 2 m -2 s -1 ) (Oliveira et al., 2002) , oil palm (25 µmol CO 2 m -2 s -1 ) (Dufrene and Saugier, 1993) , mango (5.9 to 9.6 µmol CO 2 m -2 s -1 ) (Fukamachi et al., 1998) and banana (15 to 22 µmol CO 2 m -2 s -1 ) (Thomas and Turner, 2001).
Leaf colour
Leaf colour can be used to determine the nutritional state of the plant (i.e. nutrient deficiency) (Marschner, 1995) . Data on leaf colour of salak seedlings of different cultivars are presented in Table 5 . No differences were found for L*, a*, b*, chroma and hue angle values between the cultivars tested, indicating there was no cultivar effect on the leaf colour of salak seedlings.
Data on leaf colour of seedlings grown in different growing media are summarised in Table 6 . Foliar L*, b* and chroma values of seedlings growing in peat were significantly higher than of plants of the other variants, whereas a* and hue angle values of seedlings growing in peat were lower as compared to sand and sand/compost. The data reflected also a darker green leaf colour of seedling grown in sand or sand/compost than in peat. In contrast, these results point out a more pronounced yellow leaf colour of seedlings growing in peat, which was possibly caused by nutrient imbalances.
Mineral content
The influence of growing media on mineral contents of salak seedlings is summarised in Table 7 . Salak leaf mineral concentration was similar to those found in 4-months-old oil palm seedlings, i.e. 22 to 32 mg/g N, 1.4 to 2.1 mg/g P, 12 to 15 mg/g K, 3 to 5 mg/g Mg 5 to 6 mg/g Mg (Ross, 1999) . Mineral contents in leaves of salak seedlings growing in different media tested were in the optimal range, due to the supply of a balanced nutrient solution to the plants. Mg and P contents of salak seedlings growing in peat were higher in comparison seedlings growing on sand or sand/compost. A low P content of seedlings in sand/compost was observed. N, P and Mg contents of seedlings in sand/compost were much lower, whereas K and Ca were higher than those of seedlings growing in sand or peat.
There was a considerable variation of foliar nutrient levels between the different treatments indicating a strong influenced of the growing medium on the nutrient uptake of the salak seedlings (Table 10 ). After Marschner (1995) the nutrient concentration in the soil or substrate solution is an important factors for the nutrient acquisition of the plant root. The nutrient concentration and availability vary widely depending on such factors as moisture, pH, cation-exchange capacity, redox potential, quantity of organic matter, microbial activity and nutrient application (Asher, 1978) . The higher Ca foliar content of seedlings growing in peat or in sand/compost indicated the better availability of Ca in these substrates, since there was no additional supply of Ca to salak plants during the experimental periods. Moreover, the availability of Mg and P in peat supplied with additional fertiliser was high, leading to luxurious content of these mineral in salak seedlings. In contrast, N, P and Mg might have been fixed in the compost containing medium and became unavailable for plants due to the factors mentioned above Organic matter in the growing medium is able to fix considerable amounts of NH 4 in non-exchangeable forms (Marschner, 1995) . The competition among cations was possibly enhanced by the application of minerals, for example between K + and NH 4 + (Axley and Legg, 1960; Walsh and Murdoch, 1963) . Competition in ion uptake by salak seedlings in growing media tested could also be a reason for the diverging of nutrient contents of the plants. This competition occurs particularly between ions with similar physicochemical properties such as valency and ion diameter (Marschner, 1995) . K + and Ca + are regarded to compete quite effectively with Mg 2+ (Schimansky, 1981) .
P of seedlings growing in sand/compost was low, which was only 33 % and 66 % of the content in seedlings growing in peat and sand, respectively. The low P content can be correlated with growth and leaf colour, resulting in a leaf area reduction (14 % lower than seedlings in peat and 24 % lower than those in sand) and a darker green colour of leaf, especially as compared with those growing in peat ( Figure 2 and Table 6 ). On the other hand, the low P content did not affect root growth and shoot/root ratio of seedlings in sand/compost, especially as compared to seedlings growing in sand (Figure 2 ). These results are accordance to Fredeen et al. (1989) , who reported that, root growth in soybean was less inhibited under P deficiency, leading to a typical decrease in shoot/root dry weight ratio.
Concluding Remarks
"Pondoh hitam" was the most vigorous salak cultivar tested on different growing media such as sand, peat and sand/compost mixture. In general, the optimal substrate for salak seedlings in our study was pure sand, supplied with a complete nutrition solution. Peat has a very low pH and was found to be less suitable as growing medium for salak seedlings.
It can be concluded from this study that salak seedlings should be raised in a sand-containing substrate ensuring a good aeration of the root zone rather than pure peat. The supply of nutrient to the growing medium promotes the vegetative growth of salak seedlings. This is an important factor for successful establishment of new salak plantations for commercial fruit production. Genetical differencies between salak varieties with respect to site conditions, i.e. type of soil and nutrient availability, have also to be considered. 
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